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FIELD OF THE INVENTION 

[0001] The present invention relates to single 
cylinder internal combustion engines such as those used 
to power lawnmowers , sump pumps, portable generators and 



M other devices. In particular, the present invention 

III 
□ 

1 1 j nullifies or reduces vibration of the engine resulting 



relates to a balance system within such an engine that 
nullifies or reduces vibration of the engine result 
from reciprocation of the piston within the engine. 



BACKGROUND OF THE INVENTION 
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CO [0002] A major cause of vibration in a single 

jLi, cylinder engine is piston reciprocation. The piston is 

started and stopped twice during each rotation of the 
crankshaft, and reactions to the forces that accelerate 
and decelerate the piston are imposed upon the engine 
body as vibration in directions generally parallel to the 
piston axis. When operated in a device such as a lawn 
mower, the engine produces vibrations that can be 
transmitted through the device to the operator. This 
vibration is uncomfortable and could produce operator 
fatigue. Even when operated in a device in which there 
is no issue of operator fatigue (e.g., sump pumps or 
portable generators) , engine vibration is undesirable 
because it causes maintenance problems and tends to 
reduce the useful life of the machine. 

[0003] To some extent such vibrations can be 
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decreased by providing the engine with a counterweight 
fixed on its crankshaft, and located at the side of the 
crankshaft axis directly opposite the crankpin by which 
the piston, through the connecting rod, is connected to 
the crankshaft. More commonly, two counterweights may be 
used on the crankshaft, one located on each side of the 
piston axis. In either case, such a crankshaft 
counterweight arrangement produces a net resultant 
centrifugal force vector that is diametrically opposite 
to the crankpin. 

[0004] Although such a crankshaft counterweight 
arrangement can be designed to cancel some or even all of 



O the primary acceleration and deceleration forces on the 

CI) 

« s j piston assembly along the piston axis, the centrifugal 

tfl force of the crankshaft counterweights also has a 

q component transverse to the piston axis. This transverse 

H force component produces lateral vibration, the amount of 

jU which increases in direction proportion to the degree to 

JfJ which the crankshaft counterweights successfully cancel 

ry 

JQ out the acceleration and deceleration forces on the 

?*\ 

* sS piston assembly. 

[0005] For this reason, most single cylinder engines 
incorporate crankshaft counterweights having a mass that 
provides a condition of about "50% overbalance", such 
that the centrifugal force due to the counterweights has 
a component along the piston axis that is equal to about 
50% of the acceleration and deceleration forces on the 
piston assembly. This represents a compromise between 
the severe vibration in directions parallel to the piston 
axis that would result with the condition of no 
overbalance, and the severe vibration transverse to the 
piston axis that would result with the condition of 100% 
overbalance . 

[0006] Because use of crankshaft counterweights 
having a 50% overbalance condition does not entirely 
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eliminate the undesirable vibration occurring in single 
cylinder engines, additional techniques have been 
employed to further reduce such vibration. A number of 
these techniques employ one or more reciprocating 
counterweights that, in contrast to the crankshaft 
counterweights discussed above, do not rotate with the 
crankshaft but instead "reciprocate" with respect to the 
crankshaf t--that is, move linearly back and forth towards 
and away from the crankshaft. These reciprocating 
counterweights are typically coupled to the crankshaft by 
way of coupling arms, which have near ends coupled to the 
counterweights and far ends coupled to the crankshaft. 

[0007] In order that the reciprocating 
counterweights reciprocate relative to the crankshaft in 
direct opposition to the reciprocating motion of the 
piston and crank pin, circular apertures at the far ends 
of the coupling arms are supported by eccentric journals 
on the crankshaft. As the crankshaft rotates, the 
centers of the eccentric journals rotate about the 
central axis of the crankshaft, and consequently the far 
ends of the coupling arms also move around the central 
axis of the crankshaft. Thus, the coupling arms 
experience a motion that is similar to that of the 
connecting rod coupling the piston to the crank pin. 
This connecting rod-type motion, however, is not 
reciprocating motion since it is not strictly linear 
motion . 

[0008] Conventional designs that employ 
reciprocating counterweights are designed to produce true 
reciprocating motion of the reciprocating counterweights, 
so that the motion of the reciprocating counterweights 
balance the reciprocation of the piston. In order for 
the reciprocating counterweights to experience linear, 
reciprocating motion while the coupling arms experience 
the connecting rod-type motion, the reciprocating 
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counterweights must be rotatably coupled to the coupling 
arms to allow relative motion therebetween. At the same 
time, the movement of the reciprocating counterweights 
must be guided along a linear path, which typically 
requires that the reciprocating counterweights be 
additionally coupled to the crankcase. 

[0009] For example, U.S. Patent No. 4,656,981 to 
Murata et al . provides a reciprocating counterweight that 
is coupled to arms that in turn are supported by 
eccentric journals on the crankshaft. The reciprocating 
counterweight further includes a hole in its far end away 
from the crankshaft. The hole is configured to receive a 
pin protruding from the crankcase. As the reciprocating 
counterweight moves, the degree to which the pin extends 
into the hole varies, and the reciprocating counterweight 
is thus guided along a linear path defined by the central 
axis of the pin. The reciprocating counterweight is free 
to move along the linear path despite the connecting rod- 
type motion of the coupling arms, since the reciprocating 
counterweight is rotatably coupled to the coupling arms. 

[0010] Although these conventional designs are 
successful to a large degree in balancing the forces of 
the piston and thus reducing engine vibration, these 
designs have certain disadvantages. In particular, 
because the reciprocating counterweight in such a 
conventional engine must be both rotatably coupled to 
coupling arms and also coupled to the crankcase to 
produce true reciprocating motion, the number of parts 
moving relative to one another and coupling points 
between these moving parts within the engine is large. 
The relative motion between the reciprocating 
counterweight, the coupling arms, and the crankcase can 
be a source of wear and tear on the engine, and 
consequently reduce the useful life of the engine. To 
reduce this wear and tear, the engine further should be 
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designed so that lubrication is provided at the coupling 
points between the moving parts. Consequently, the costs 
and complexity associated with designing and 
manufacturing such an engine is increased. 

[0011] It would therefore be advantageous if a new 
balance system for use in single cylinder engines could 
be designed that was less costly and more robust than 
conventional balance systems. In particular, it would be 
advantageous if such a new balance system provided the 
same or similar benefits of balancing the forces of the 
reciprocating piston as are provided by conventional 

|-'= designs employing reciprocating counterweights, but at 

the same time did not require as many parts moving 

UJ relative to one another as in conventional designs, such 

that the number of coupling points between those moving 

p parts was reduced, and the need for lubricating multiple 

1 -i 



hi 
ru 

m 
a 



coupling points was eliminated. 



SUMMARY OF THE INVENTION 

[0012] The present inventors have discovered that a 
single cylinder engine can be provided with 
counterbalances that have counterbalancing masses and 
coupling arms positioned between the crankshaft and the 
counterbalancing masses, where the coupling arms are 
fixed with respect to, or integrally part of, the 
counterbalancing masses. Further, to guide the 
counterbalancing masses along a linear path with respect 
to the crankshaft, a groove having an axis perpendicular 
to the crankshaft axis is provided in a wall of the 
crankcase, and a pin is provided that extends out of a 
side of the counterbalancing masses along an axis that is 
parallel to the crankshaft axis. The pin fits within the 
groove and can slide within the groove along the axis of 
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the groove such that, as the crankshaft rotates, the 
coupling arms force the counterbalancing masses toward 
and away from the crankshaft along the axis defined by 
the groove. 

[0013] Because the coupling arms are fixed with 
respect to the counterbalancing masses, the 
counterbalancing masses experience some rotational or 
"wobbling" motion in addition to their movement toward 
and away from the crankshaft, and thus do not experience 
true reciprocating motion. Because the wobbling motion 
is relatively small, however, the counterbalancing masses 

\t largely balance the forces of the reciprocating piston 

P 

p and reduce engine vibration. Further, because the 
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coupling arms are fixed with respect to the 



If! 

M counterbalancing masses, manufacturing costs are reduced, 



wear and tear on the engine is reduced such that the 
engine is more robust, and the need for lubricating a 
joint between the coupling arms and the counterbalancing 
r L J masses is eliminated. 

[0014] In particular, the present invention relates 
to a balance system that includes a crankshaft, a 
counterbalance assembly and a groove. The crankshaft 
includes a first crankshaft portion, a first crank arm 
portion, a crank pin portion, and a first eccentric 
portion, where the crank pin portion is coupled to the 
first crankshaft portion by the first crank arm portion, 
and is further configured to be coupled to a piston by a 
connecting rod. The counterbalance assembly has a first 
counterbalancing mass portion and a first coupling arm 
portion that are fixed with respect to one another, and a 
pin that protrudes from a side of the first 
counterbalancing mass portion, where the first coupling 
arm portion includes a first circular orifice by which 
the counterbalance assembly is supported by the first 
eccentric portion. The groove is capable of receiving 
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the pin, where the pin is capable of sliding along the 
groove and also rotating within the groove, so that the 
counterbalance assembly is capable of rotating while 
moving toward and away from the crankshaft. 

[0015] The present invention further relates to an 
internal combustion engine including a crankcase, a 
cylinder coupled to the crankcase, a piston within the 
cylinder, and a crankshaft supported by the crankcase. 
The piston is coupled to a crank pin of the crankshaft by 
a connecting rod, and the crankshaft includes an 
eccentric portion. The internal combustion engine 
further includes a weight supported with respect to the 
eccentric portion by a coupling arm. The coupling arm 
and the weight are fixed in position relative to one 
another, where the weight moves toward and away from the 
crankshaft as the crankshaft rotates. The internal 
combustion engine additionally includes a means for 
guiding the weight along a path as it moves toward and 
away from the crankshaft. 

[0016] The present invention additionally relates to 
a method of balancing forces provided by a piston to a 
crankshaft within a single cylinder internal combustion 
engine. The method includes rotating an eccentric 
portion supported by the crankshaft as the crankshaft 
rotates, and guiding a counterbalance assembly that is 
supported by the eccentric portion toward and away from 
the crankshaft along a path. The method further includes 
allowing the counterbalance assembly to rotate along a 
moving axis that is substantially parallel to a central 
axis of the crankshaft as the counterbalance assembly is 
guided toward and away from the crankshaft along the 
path . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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[0017] Fig. 1 is a first perspective view of a 
single cylinder engine, taken from a side of the engine 
on which are located a starter and cylinder head; 

[0018] Fig. 2 is a second perspective view of the 
single cylinder engine of Fig. 1, taken from a side of 
the engine on which are located an air cleaner and oil 
filter; 

[0019] Fig. 3 is a third perspective view of the 
single cylinder engine of Fig. 1, in which certain parts 
of the engine have been removed to reveal additional 
internal parts of the engine; 

[0020] Fig. 4 is a fourth perspective view of the 
single cylinder engine of Fig. 1, in which certain parts 
of the engine have been removed to reveal additional 
internal parts of the engine; 

[0021] Fig. 5 is fifth perspective view of the 
single cylinder engine of Fig. 1, in which a top of the 
crankcase has been removed to reveal an interior of the 
crankcase; 

[0022] Fig. 6 is a sixth perspective view of the 
single cylinder engine of Fig. 1, in which the top of the 
crankcase is shown exploded from the bottom of the 
crankcase; 

[0023] Fig. 7 is a top view of the single cylinder 
engine of Fig. 1, showing internal components of the 
engine; 

[0024] Fig. 8 is a perspective view of components of 
a valve train of the single cylinder engine of Fig. 1; 

[0025] Fig. 9 is a perspective view of components of 
the crankshaft and a new balance system of the single 
cylinder engine of Fig. 1; 
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[0026] Fig. 10 is a perspective, exploded view of 
the components of the crankshaft and the new balance 
system of Fig. 9; 

[0027] Fig. 11 is a perspective, cut-away view of 
the engine of Fig. 1, showing components of the new 
balance system; and 

[0028] Fig. 12 is a perspective, cut-away view of 
the top of the crankcase of the single cylinder engine of 
Fig. 1, where the top is shown to include a groove that 
interfaces a pin protruding from counterbalances of the 
balance system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0029] Referring to Figs. 1 and 2, a new single 
cylinder, 4-stroke, internal combustion engine 100 
designed by Kohler Co. of Kohler, Wisconsin includes a 
crankcase 110 and a blower housing 120, inside of which 
are a fan 130 and a flywheel 140. The engine 100 further 
includes a starter 150, a cylinder 160, a cylinder head 
170, and a rocker arm cover 180. Attached to the 
cylinder head 170 are an air exhaust port 190 shown in 
Fig. 1 and an air intake port 200 shown in Fig. 2. As is 
well known in the art, during operation of the engine 
100, a piston 210 (see Fig. 7) moves back and forth 
within the cylinder 160 towards and away from the 
cylinder head 170. The movement of the piston 210 in 
turn causes rotation of a crankshaft 220 (see Fig. 7), as 
well as rotation of the fan 130 and the flywheel 140, 
which are coupled to the crankshaft. The rotation of the 
fan 130 cools the engine, and the rotation of the 
flywheel 140 causes a relatively constant rotational 
momentum to be maintained. 
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[0030] Referring specifically to Fig. 2, the engine 
100 further includes an air filter 230 coupled to the air 
intake port 200, which filters the air required by the 
engine prior to the providing of the air to the cylinder 
head 170. The air provided to the air intake port 200 is 
communicated into the cylinder 160 by way of the cylinder 
head 170, and exits the engine by flowing from the 
cylinder through the cylinder head and then out of the 
air exhaust port 190. The inflow and outflow of air into 
and out of the cylinder 160 by way of the cylinder head 
170 is governed by an input valve 240 and an output valve 
250, respectively (see Fig. 8). Also as shown in Fig. 2, 
the engine 100 includes an oil filter 260 through which 
the oil of the engine 100 is passed and filtered. 
Specifically, the oil filter 260 is coupled to the 
crankcase 110 by way of incoming and outgoing lines 270, 
280, respectively, whereby pressurized oil is provided 
into the oil filter and then is returned from the oil 
filter to the crankcase. 

[0031] Referring to Figs. 3 and 4, the engine 100 is 
shown with the blower housing 120 removed to expose a top 
290 of the crankcase 110. With respect to Fig. 3, in 
which both the fan 130 and the flywheel 140 are also 
removed, a coil 300 is shown that generates an electric 
current based upon rotation of the fan 130 and/or the 
flywheel 140, which together operate as a magneto. 
Additionally, the top 290 of the crankcase 110 is shown 
to have a pair of lobes 310 that cover a pair of gears 
320 (see Figs. 5 and 7-8). With respect to Fig. 4, the 
fan 130 and the flywheel 140 are shown above the top 290 
of the crankcase 110. Additionally, Fig. 4 shows the 
engine 100 without the cylinder head 170 and without the 
rocker arm cover 180, to more clearly reveal a pair of 
tubes 330 through which extend a pair of respective push 
rods 340. The push rods 340 extend between a pair of 
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respective rocker arms 350 and a pair of cams 360 (see 
Fig. 8) within the crankcase 110, as discussed further 
below . 

[0032] Turning to Figs. 5 and 6, the engine 100 is 
shown with the top 290 of the crankcase 110 removed from 
a bottom 370 of the crankcase 110 to reveal an interior 
380 of the crankcase. Additionally in Figs. 5 and 6, the 
engine 100 is shown in cut-away to exclude portions of 
the engine that extend beyond the cylinder 160 such as 
the cylinder head 170. With respect to Fig. 6, the top 
290 of the crankcase 110 is shown above the bottom 370 of 
the crankcase in an exploded view. In this embodiment, 
the bottom 370 includes not only a floor 390 of the 
crankcase, but also all six side walls 400 of the 
crankcase, while the top 290 only acts as the roof of the 
crankcase. The top 290 and bottom 370 are manufactured 
as two separate pieces such that, in order to open the 
crankcase 110, one physically removes the top from the 
bottom. Also, as shown in Fig. 5, the pair of gears 320 
within the crankcase 110 are supported by and rotate upon 
respective shafts 410, which in turn are supported by the 
bottom 390 of the crankcase 110. 

[0033] Referring to Fig. 7, a top view of the engine 
100 is provided in which additional internal components 
of the engine are shown. In particular, Fig. 7 shows the 
piston 210 within the cylinder 160 to be coupled to the 
crankshaft 220 by a connecting rod 420. The crankshaft 
220 is in turn coupled to a rotating counterweight 430 
and two counterbalances 440, which balance the forces 
exerted upon the crankshaft 220 by the piston 210. The 
crankshaft 220 further is in contact with each of the 
gears 320, and thus communicates rotational motion to the 
gears. In the present embodiment, the shafts 410 upon 
which the gears 320 are supported are capable of 
communicating oil from the floor 390 of the crankcase 110 
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(see Fig. 5) upward to the gears 320. The incoming line 
270 to the oil filter 260 is coupled to one of the shafts 
410 to receive oil, while the outgoing line 280 from the 
oil filter is coupled to the crankshaft 220 to provide 
lubrication thereto. Fig. 7 further shows a spark plug 
450 located on the cylinder head 170, which provides 
sparks during power strokes of the engine to cause 
combustion to occur within the cylinder 160. The 
electrical energy for the spark plug 450 is provided by 
the coil 300 (see Fig. 3) . 

[0034] Further referring to Fig. 7 , and additionally 
to Fig. 8, elements of a valve train 460 of the engine 
100 are shown. The valve train 460 includes the gears 
320 resting upon the shafts 410 and also includes the 
cams 360 underneath the gears, respectively. 
Additionally, respective cam follower arms 470 that are 
rotatably mounted to the crankcase 110 extend to rest 
upon the respective cams 360. The respective push rods 
340 in turn rest upon the respective cam follower arms 
470. As the cams 360 rotate, the push rods 340 are 
temporarily forced outward away from the crankcase 110 by 
the cam follower arms 470. This causes the rocker arms 
350 to rock or rotate, and consequently causes the 
respective valves 240 and 250 to open toward the 
crankcase 110. As the cams 360 continue to rotate, 
however, the push rods 340 are allowed by the cam 
follower arms 470 to return inward to their original 
positions. A pair of springs 480,490 positioned between 
the cylinder head 170 and the rocker arms 350 provide 
force tending to rock the rocker arms in directions 
tending to close the valves 240,250, respectively. 
Further as a result of this forcing action of the springs 
480,490 upon the rocker arms 350, the push rods 340 are 
forced back to their original positions. 
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[0035] In the present embodiment, the engine 100 is 
a vertical shaft engine capable of outputting 15-20 
horsepower for implementation in a variety of consumer 
lawn and garden machinery such as lawn mowers. In 
alternate embodiments, the engine 100 can also be 
implemented as a horizontal shaft engine, be designed to 
output greater or lesser amounts of power, and/or be 
implemented in a variety of other types of machines, 
e.g., snow-blowers. Further, in alternate embodiments, 
the particular arrangement of parts within the engine 100 
can vary from those shown and discussed above. For 
example, in one alternate embodiment, the cams 360 could 
be located above the gears 320 rather than underneath the 
gears . 

[0036] Turning to Figs. 9 and 10, perspective 
assembled and exploded views are provided, respectively, 
of components of a new balance system 500 employed by the 
engine 100. Specifically, the new balance system 500 
includes the crankshaft 220, the rotating counterweight 
430, and the counterbalances 440. Further as shown, the 
crankshaft 220 includes main crankshaft segments 510, a 
crank pin 520, and a pair of crank arms 530 coupling the 
crank pin to the main crankshaft segments. When 
assembled within the engine 100, the connecting rod 420 
connects the crank pin 520 to the piston 210 (see Fig. 
7). In the embodiment shown, the rotating counterweight 
430 includes a pair of weights, each of which is an 
extension of a respective one of the crank arms 530 and 
is diametrically opposed from the crank pin 520 across a 
central axis 540 of the crankshaft 220. In alternate 
embodiments, the rotating counterweight 430 need not 
include two separate weights, and need not be integrally 
formed as part of the crank arms 530. 

[0037] Further as shown in Figs. 9 and 10, two 
eccentric flanges 550 having eccentric journals or rims 
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560 are further fitted onto the crankshaft 220 and 
affixed to two respective outer sides 535 of the crank 
arms 530 by respective bolts 545 (only one of which is 
shown) . The two counterbalances 440, each of which has a 
respective counterbalancing mass 570 and a coupling arm 
580 with a circular cavity 590, are also fit onto the 
crankshaft. More specifically, the circular cavity 590 
of each coupling arm 580 fits over a respective one of 
the eccentric rims 560, about which the coupling arm is 
able to rotate. In accordance with the present 
embodiment of the invention, the respective coupling arms 
580 of the respective counterbalances 440 are integrally 
formed with, or otherwise fixed in position with respect 
to, the respective counterbalancing masses 570 to form 
the respective counterbalances 440. Also, the 
counterbalances 440 preferably are identical to one 
another in order to reduce manufacturing costs. 

[0038] The counterbalances 440 are held together by 
a pin 600, and together form an overall counterbalance 
assembly 445 (see Fig. 9) . Depending upon the 
embodiment, the pin 600 can be (or be replaced with) any 
of a variety of different types of fasteners, including 
bolts, screws, or other fasteners known in the art that 
hold the counterbalances 440 together. Also, the 
counterbalances 440 in certain embodiments are integrally 
formed as one piece. Further, while in accordance with 
the present embodiment of the invention, the eccentric 
flanges 550 are separate pieces that are positioned onto 
the crankshaft 220, in alternate embodiments the 
eccentric flanges 550 or the eccentric 
journals/rims/bearings 560 of those flanges can be 
integrally formed with the crankshaft. Similarly, the 
crankshaft 220 itself can be integrally formed or formed 
from multiple separate pieces such as the crank pin 520 
and the crank arms 530. 
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[0039] Referring to Fig. 11, the new balance system 
500 is shown positioned in relation to the top 290 of the 
crankcase 110. In particular, the crankshaft 220 having 
the crank arms 530, crank pin 520 and rotating 
counterweight 430, the eccentric flanges 550, and the 
counterbalances 440 having counterbalancing masses 570 
and coupling arms 580 are shown in position relative to 
the top 290 of the crankcase 110. As the crankshaft 220 
rotates, the counterbalances 440 move towards and away 
from the crankshaft due to the interaction of the 
eccentric rims 560 and the circular cavities 590 (see 
Fig. 10) of the coupling arms 580. The movement of the 
counterbalances 440 is guided by a slot or groove 610 in 
the top 290 of the crankcase 110, into which an end 620 
of the pin 600 fits. The groove 610 is perpendicular to 
the central axis 540 and parallel to a piston axis 545 
along which the piston reciprocates, while the pin 600 is 
parallel to the central axis. 

[0040] Fig. 12 more clearly shows how specifically 
the end 620 of the pin 600 fits within the groove 610 and 
can move back and forth within the groove to guide the 
counterbalances 440. Although not required, in the 
embodiment shown, a wheel or other bearing 630 on the end 
620 of the pin 600 moves within the groove 610. Also, in 
embodiments where a different fastener other than the pin 
600 is employed to hold the two counterbalances 440 
together (or where the counterbalances are integrally 
formed as one piece), pins or pin-like projections still 
protrude out from the sides of the counterbalances 440 to 
fit within the groove 610. The pins or other projections 
in such embodiments can be, but need not be, integrally 
formed with the counterbalances 440. 

[0041] Because the design of the new balance system 
500 employs counterbalances 440 that have the coupling 
arms 580 that are fixed with respect to the 
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counterbalancing masses 570, and further employs pin 
600/groove 610, the movement of the counterbalances 440 
toward and away from the crankshaft 220 is largely, but 
not completely, linear. That is, as the counterbalances 
440 move between fully-extended and fully-retracted 
positions with respect to the crankshaft 220, the 
counterbalances experience a rotational or "wobbling" 
motion in addition to linear motion toward or away from 
the crankshaft. The rotational movement occurs about the 
axis of the pin 600, which is simultaneously moving back 
and forth within the groove 610. 

[0042] Even though the counterbalances 440 
experience a wobbling motion as the counterbalances move 
back and forth with respect to the crankshaft 220, 
instead of a truly linear or reciprocating motion, the 
counterbalances nevertheless largely balance the forces 
generated by the piston 210 and thus largely reduce 
vibration of the engine 100. Because most of the weight, 
and consequently most of the momentum, associated with 
the counterbalances 440 is located in the 

counterbalancing masses 570 rather than the coupling arms 
580, and because this mass is particularly concentrated 
proximate the axis of the pin 600, the rotational 
momentum engendered by the wobbling motion of the 
counterbalances does not largely reduce the ability of 
the balance system 500 to balance the forces of the 
piston 210. Further, the wobbling motion itself does not 
introduce any overly large vibration to the engine 100. 

[0043] In alternate embodiments, the counterbalance 
assembly 445 can be formed from components other than the 
counterbalances 440 shown in Figs. 9-11. For example, 
the balance system 500 can include only a single 
counterbalance piece forming the counterbalance assembly, 
or the counterbalance assembly can be formed from more 
than two parts. Also, in one alternate embodiment, the 
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counterbalance assembly has only a single coupling arm, 
and the balance system has only a single eccentric 
flange . 

[0044] Additionally, in alternate embodiments, the 
device used to guide the motion of the counterbalances 
440 can vary from the pin 600 and the groove 610 along 
the top 290 of the crankcase 110. In a horizontal shaft 
engine, for example, the groove 610 would be positioned 
along a vertical wall of the crankcase 110 rather than 
along the top 290 of the crankcase. Also for example, in 
an alternate embodiment, the positioning of the groove 
and the pin are reversed. That is, a groove is 
positioned along one of the sides of the counterbalances 
440 rather than along an interior side of the crankcase, 
and a pin protrudes out of an interior side of the 
crankcase rather than from out of a side of the 
counterbalances . 

[0045] Also, the groove 610 need not be exactly 
perpendicular to the central axis 540 and parallel to 
piston axis 545, and the pin 600 need not be exactly 
parallel to the central axis 540. For example, the 
balance system could provide largely the same benefits of 
balancing the piston forces even where the groove was not 
directly perpendicular to the central axis 540 but was 
still within a plane perpendicular to the central axis. 
Also for example, the balance system could employ a 
groove that was at an incline with respect to the central 
axis 540 but nevertheless was within a plane formed by 
the central axis and the piston axis 545. In such an 
embodiment, the degree to which the pin 600 protruded 
into the groove would vary depending upon the position of 
the counterbalances. In all such embodiments, however, 
the counterbalances should still be able to move toward 
and away from the crankshaft 110 and, in addition, be 
able to rotate with respect to a moving axis formed by 
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the pin 600 or similar device that is substantially 
parallel to the central axis 540 of the crankshaft. 

[0046] While the foregoing specification illustrates 
and describes the preferred embodiments of this 
invention, it is to be understood that the invention is 
not limited to the precise construction herein disclosed. 
The invention can be embodied in other specific forms 
without departing from the spirit or essential attributes 
of the invention. Indeed, the present invention can be 
employed in mechanisms other than internal combustion 
engines that employ a counterbalance or counterweight 
including, for example, crank-slider mechanisms employed 
in machines such as compressors. Accordingly, reference 
should be made to the following claims, rather than to 
the foregoing specification, as indicating the scope of 
the invention. 
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